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C3 . 1 INTRODUCTION 

As first discussed by Webster (1985), the tidal gravitational 
■ field of clusters of galaxies distorts the images of back- 
5_j ground galaxies in a characteristic way. After the first ex- 
treme cases of distortions in the form of giant luminous arcs 
were discovered (Soucail et al. 1987; see Fort & Mellier 1994 
for a review), much weaker coherent distortions of images 
were found (Fort et al. 1988; Tyson, Valdes & Wenk 1990). 
These distortions can be used to reconstruct the projected 
mass distribution of galaxy clusters in a non-parametric way 
(Kaiser & Squires 1993). 

In addition, as pointed out in Schneider (1996; here- 
after S96), the search for coherent image alignments can be 
used to search for (dark) mass concentrations. Generalizing 
the aperture densitometry of Kaiser (1995; see also Kaiser 
et al. 1994), it was shown in S96 that halos with character- 
istic velocity dispersions of > 600 km/s can be significantly 
detected on deep high-quahty optical images, such as can 
be obtained with a 4-metre class telescope at the best sites. 
Indeed, there are first reports of detections of mass concen- 
trations selected by this weak lensing technique (Luppino & 
Kaiser 1997; T. Erben, private communication) which coin- 
cide with a concentration of galaxies; they are most likely 
genuine clusters. Seitz et al. (1998) have provided a thorough 
lensing analysis of the cluster MS1512-I-36 which acts as a 
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The distortion of the images of faint high-redshift galaxies can be used to probe 
the intervening mass distribution. This weak gravitaional lensing effect has been used 
recently to study the (projected) mass distribution of several clusters at intermediate 
and high redshifts. In addition, the weak lensing effect can be employed to detect 
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haloes with a signal-to-noise ratio larger than 5 exceeds 10 per square degree. With 
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distinguish between the most commonly discussed cosmological parameter sets. 
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strong gravitational telescope on the z = 2.72 galaxy cB58 
detected by Yee et al. (1996). Whereas this cluster appears 
to have a velocity dispersion of order 600 km/s, it neverthe- 
less shows up with very high significance in the weak lensing 
analysis, using only 33 (background) galaxies and excluding 
the strong lensing features, thus observationally verifying 
the estimate of S96. 

The detection of mass concentrations by weak lensing 
techniques therefore offers the opportunity to define a mass- 
selected sample of haloes. In contrast to the usual selection 
procedures, based on emitted light (in the optical or X-ray 
waveband), the resulting sample would be 'mass-limited', 
rather than of flux limited. Such a sample would therefore 
be extremely useful for cosmological purposes, since it can 
directly be compared to theoretical predictions, e.g., derived 
from N-body simulations. In contrast, the comparison of 
optically-selected cluster samples with cosmological predic- 
tions involves assumptions about the relation between mass 
and light, and the mass-to- light ratio may vary strongly be- 
tween individual clusters. Given that the evolution of clus- 
ters with redshift is among the strongest tests for distin- 
guishing between different cosmogonies (see, e.g.. White, Ef- 
stathiou & Frenk 1993; Eke, Cole & Frenk 1996; Bartelmann 
et al. 1998; Borgani et al. 1998, and references therein), their 
mass-based detection would indeed be of great interest. A 
mass-selected sample of haloes may lead to the detection of 
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clusters with very faint emission which could be missed by 
other selection criteria. 

The basic method discussed in S96 is to use the aperture 
mass M^p{9) technique (Kaiser 1995; Squires & Kaiser 1996) 
on deep wide-field images. The aperture mass is the pro- 
jected density field of the mass inhomogeneities between us 
and the population of faint high-redshift galaxies, weighted 
by a redshift-dependent term and filtered through a function 
of zero net weight (e.g., a Mexican hat). The advantage of 
this measure is that it can be expressed directly in terms of 
the shear, for which the observed image ellipticities provide 
an unbiased estimate. Thus, an estimate for the aperture 
mass can be expressed directly in terms of observables, with 
well defined signal-to-noise ratio. Hence, a (dark) matter 
concentration would be 'seen' as a high S/N peak in the 
aperture mass map. 

In this paper, we investigate the statistics of such peaks 
in various cosmological models. The number density of 
haloes is calculated using the Press-Schechter (1974) for- 
malism, and their density profile is approximated by the uni- 
versal halo profile found by Navarro, Frenk & White (1996, 
1997; hereafter NFW). In Sect. 2 we summarize our method, 
and estimate signal-to-noise statistics in Sect. 3. The num- 
ber of haloes of given Map(S), as a function of filter scale 6, 
and source and lens redshift, is derived in Sect. 4. We discuss 
the degree to which observations can be used to distinguish 
between these various cosmologies in Sect. 5, and present 
our conclusions in Sect. 6. 



2 FORMALISM 

Following S96, we define the spatially filtered mass inside a 
circular aperture of angular radius 6, 



Map(e) - / (f-d k(i?) t/(ll?|). 



(1) 



where the continuous weight function U ijlf) vanishes for i? > 
6. If U{'d) is a compensated filter function. 



M i9 U{-&) = 0, 



(2) 



one can express Map in terms of the tangential shear inside 
the circle 



(3) 



Map(e) = j d'^ QiW), 

where 

7t(i?) = -Re(7(i?)e-''^) 



(4) 



is the tangential component of the shear at position i? — 
{•& cos (j), i9 sin 0) , and the function Q is related to U by 



^2 



U{^') - (7(t?). 



(5) 



We use a filter function from the familiy given in Schneider 
et al. (1998), specifically we choose the one with 1 = 1. Then 
writing U{^) = u{'&/e)/e'^, and Q(i9) = q{^/e)/e'^, 



i{x) = ^{l-x'^) -a:^) 



(6) 



q{x) = -X (1 



(7) 



with u{x) = and q{x) = for x > 1. We will describe 
the mass density of dark matter haloes with the universal 
density profile introduced by NFW, 

3^ 
SttG 



p{r) 
with 

n{z) = 



(1 



n{z) r/r4l + r/r,)^' 



(8) 



fid 



(9) 



a + Sld(l — a) + fiv(a'' ~ o,)' 1 + z 

fid and fiv denote the present day density parameters in 
dust and in vacuum energy respectively. Haloes identified at 
redshift z with mass M are described by the characteristic 
density contrast 5c and the scaling radius Vs = r2oo /c where 
c is the concentration parameter (which is a function of 5c), 
and r2oo is the virial radius defined such that a sphere with 
radius r2oo of mean interior density 200 pcrit contains the 
halo mass M200. We compute the parameters which specify 
the NFW profile according to the description in NFW using 
the fitting formulae given there. 

The surface mass density of the NFW-profile is given 
by (see Bartelmann 1996) 

./(I) (10) 



E(^) 
with 



AtvG 



(1 + ^)' 



fid 

fi(2) 



X2 - 1 



1 - 



\fxp- 



arctanh 



arctan 



l + x 



for X <\ 



1 + a;' 



(11) 



for x> \ 



and 0s = rs/Dg^. is the angular diameter distance to the 
lens. Introducing the critical surface density 



Ecr = ^ (12) 

47rG DdDds ^ ' 

with Ds and Dds being the angular diameter distances to 
the source and from the lens to the source, we define the 
dimensionless surface mass density (convergence) which is a 
function of source redshift 



N S(^) 

ft:(l?, Zi, 2s) = — = '^o ./ 7- 



with 



AtO = 3 (1 + 2) 



fid 

fi(2) 



Hi , 



-DdOds 



(13) 



(14) 



The second important quantity for lensing effects is the 
complex shear defined by 

1 



7 = 71 -I- «72, 71 = 2 '■^^ 



V'22), 72 = i>i2, (15) 

where tj) is given by the two-dimensional Poisson equation 
2k. (16) 



In the case of an axi-symmetric density profile, the magni- 
tude of the shear is given by 



and 



l7(^)l 



m{-d) 

1?2 



(17) 
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where 



m(i9) = 2 / d-d' 

"'0 

We obtain 

|7|(t?,Zd,Zs) =K.o 9 , 



(18) 



(19) 



with 

9{x) 



1 Gx-^ -4 Ix-l 

+ ^TT^ rmrarctan^/ — — r,(20) 



x2 2 2:2-1 a:2(x2 - l)i'5 
for X > 1, and 

5(a:^) = 



a; + 1 • 



2 , a; 
^In — 



+ ■ 



4-6^:2 



rarctanh 



1 - X 



(21) 



j:2 2 2;2-l 3;2(l-x2)i-5 V^^ + l' 

for X <1. According to eq.(4) the tangential shear is 

We assume a normahzed source redshift distribution of the 
form 



(22) 



exp(-[2:/zo]'') 



(23) 



(see Brainerd et al. 1996). The mean redshift of this distri- 
bution is proportional to zo and depends on the parameter 
/3 which describes how quickly the distribution falls off to- 
wards higher redshifts. We will use the values /3 = 1.5 and 
Zo = 1. For these values the mean redshift (z) is given by 
{z) — 1.505 zq. With the distribution ( p3| ) we define a source 
distance-averaged surface density and shear 



K{-&,Zd)= / dZs Pz{Zs) K,{&,Zd,Zs), 



7t(i?,2d)= / dzs Pz{zs) 'yti^,Zd,Zs). 



(24) 



(25) 



We emphasise here that the aperture mass Map in this form 
depends on three parameters: the lens mass M, the lens 
redshift Zd and the aperture radius 9. The mass and redshift 
dependence comes from the characteristic density Sc, the 
scaling radius rs and Dd,Dds- Furthermore, Map depends 
on cosmology through the angular diameter distances, 5c 
and Vs. 



3 SIGNAL-TO-NOISE RATIO STATISTICS 

S96 introduced a signal-to-noise ratio for the A/ap- statistics. 
An discretised estimator for (^ is given by 



Ma 



i J2 Qm), 



(26) 



where n is the number density of galaxy images and et is 
the tangential component of the ellipticity of a galaxy at 
position defined in analogy to (^. The dispersion ad of 
Map in the absence of lensing can be calculated by squaring 
(M) and taking the expectation value, which leads to 



2 

0-d = 



(27) 



where we used that the ellipticities of different images are 
not correlated and the dispersion of the observed ellipticity 
equals the intrinsic ellipticity distribution a^. We take as 
reference values = 0.2 and n = 30 arcmin"^ (see S96). 
The expectation value of Map is 



{A/ap)d = - 



E 



(28) 



because the ellipticity is an unbiased estimate of the local 
shear in the case of weak lensing. Averaging (^^ over the 
probability distribution for the spatial distribution of galax- 
ies (see S96) one finds 



^!{0) = ^ I d^d Q\d) = 0.2 ^ ^. 
For reference, we rewrite (|2^) in useful units as 



(29) 



0.016 I 



n 



. 30 arcmin 



-1/2 



(S)(r 



We define the signal-to-noise ratio as 

Afap(e) 



349) = 



(30) 



(31) 



Note that CTc depends only on the filter scale and the in- 
trinsic properties of the source galaxies. 



4 NUMBER OF HALOES 

We assume dark matter haloes are distributed according to 
the Press-Schechter (1974) theory . In this formalism an an- 
alytical expression for the comoving number density of non- 
linear objects is derived on the basis of the spherical collapse 
theory assuming the initial density contrast to be a gaussian 
random field. The mass fraction in collapsed objects in the 
mass range dAI about M is given by 



f{M, z) dM -- 
'2 5cth jz) 

TV 



2(Af) 



dcr(M) 



dM 



exp 



'?crit(z) 

'2cr2(M) 



dM. (32) 



The redshift dependence of this function is given by the 
critical density treshold 5crit(2) for spherical coUaps which 
depends on the linear growth factor D+{z) (Lacey & Cole 
1993). (j(M) is the present linear theory rms density fiuc- 
tuation computed using a top hat filter and a CDM power 
spectrum (Bardeen et al. 1986) with shape parameter F and 
normalization erg. We use the fitting formulae given in NFW 
to compute a{M) and &crit{z). If we multiply eq.(p^ with 
dVpil + z)'^p/M ,where p is the mean mass density today, 
we get the number of objects in the proper volume dVp with 
mass in the intervall dM 

Ni^^i^M, z) dM dVp = (1 + zf ^ f{M, z) dM dVp. (33) 

For fixed values of the lens redshift Zd and the aperture 
radius 9 the aperture mass Map is a monotonically increas- 
ing function of the halo mass M (see Figure 0) . This func- 
tion can be inverted for a given value of Map. We write 
Mt = Mt (Map, Zd,9) for the mass obtained by inversion. The 
number of haloes in a given proper volume with mass greater 
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Figure 1. The aperture mass Map, as defined in (g|), computed 
for five different cosmologies as indicated by the line types. The 
numbers in parentheses are the normalization erg and the shape 
parameter F. The lens redshift is = 0.3 and the aperture radius 
9 = 2 arcmin. 



than Mt{M2p, za,6), and thus an aperture mass larger than 
M2p, is given by 



with 



(34) 



G{z^,Ml,e) = 

dM iVhaio(M, 2d) H{M^p{M, zi, 9) ~ M^^), (35) 



where H(x — y) is the Heaviside step function. The integral is 
non-zero only for M > Mt. Hence by introducing spherical 
polar coordinates 



dVp = Di{zi) dDp{zi), dDp{zi) = 



and 



.B(2d)(l + 2d)' 



(36) 



E{zi) = y/Cldil + 2d)3 + (1 - fid - + Zdf + fiv (37) 

we obtain 

(1 + ^d)' 



iV(> Map,e) 

with 

G(Zd,Map,e) 



dzd 



Dd(2d)G(zd,Map,6»),(38) 



dM n{M, 2d) 



(39) 



JV/t(AIap,Zd.9) 



where n(M, 2d) = f(M,Zd). N{> M^p,9) is the num- 
ber of haloes per steradian with aperture mass larger than 
Map. Since the aperture mass is determined by the tangen- 
tial shear the number of haloes A''(> Map,&) is an observ- 
able. 



5 RESULTS 

In this section we use the observable A''(> Map, 6) to con- 
strain various cosmological models. We perform our calcu- 
lations for the same five cosmological models as in Figure 



Figure 2. The number of haloes per square degree and unit red- 
shift interval with aperture mass greater than 0.04, as defined 
in (^), as a function of lens redshift for the same cosmological 
models as indicated in Figure ^ The filter scale is 6 = 2 arcmin. 

|l| For three of them, the power spectrum is approximately 
cluster normalized, which corresponds to ag, ~ 0.6 for an 
Einstein-de Sitter universe (EdS, 57d = 1, f2v =0) and 
(78 = 1 for both an open universe (OCDM, 57d = 0.3, 
fiv = 0) and a spatially flat universe with cosmological con- 
stant (ACDM, r^d = 0.3, Slv = 0.7). For these models we 
use the shape parameter F = 0.25 which yields the best 
fit to the observed two-point correlation function of galax- 
ies (Efstathiou 1996). The remaining two EdS models have 
higher normalization (erg = 1, approximately corresponding 
to the COBE normalization) or a different shape parameter 

(r = o.5). 

In Figures m and H we plot the function 

(l + 2d)^ 



n(Map,2d,f) = 



S(2d) 



Di[zd) G{zi,M^p,e), 



(40) 



which is the number of haloes per unit solid angle and unit 
redshift interval with masses M > Mt(Map, Zd,0) for a filter 
scale of S = 2' and the aperture masses Map = 0.04 and 
Map = 0.08 [see (||) for definition of G(2d, Map, 0)]. 

As expected from the evolution of the cluster mass func- 
tion, the volume elements and the aperture mass Map, we get 
different number densities of haloes for various cosmological 
parameters. We have a strong evolution with redshift in the 
ild = 1 model and much less in the low-fid models. Further- 
more, the number density of rich clusters at intermediate 
redshifts drops more rapidly in a critical density universe. 
The dependence of the volume elements and the aperture 
mass i\fap on the angular diameter distances enhances the 
difference between the cosmologies for high redshifts, and 
causes a decreasing number of haloes towards very small 
redshifts. 

If we integrate (^^ over lens redshift we obtain the 
observable A''(> Afap, 0)- We have plotted this observable in 
Figure 1^ as a function of the aperture mass. The dependence 
of (^8[) on Map and 9 can be understood as follows: Since the 
aperture mass Map is a monotonically increasing function of 
the halo mass (for a fixed redshift and filter scale; see Figure 
|l|) we expect N{> Map, 9) to decrease with increasing Map. 
If we enlarge the filter radius the values of Map become 
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Table 1 . The number of haloes per square degree with aperture mass greater than Map 
0.08 , as defined in (Ea), for the filter scale 9 = 2 arcmin. The redshift interval in brackets denote the 
integration range in (Bq). The number of haloes is computed for five cosmological models. 

EdS(0.6,0.25) EdS(l,0.25) EdS{0.6,0.5) OCDM{1,0.25) ACDM(1,0.25) 



N{> 0.04,2') 

6 [0, 1] 



9.42 



71.66 



21.66 



21.44 



20.92 



N{> 0.08,2') 

zd e [0, 1] 



0.47 



13.00 



1.23 



2.46 



1.74 



N{> 0.04,2') 
6 [0.15,0.4] 



6.18 



30.66 



13.54 



9.07 



9.02 



N{> 0.04,2') 

2d e [0.4, 1] 

N{> 0.08,2') 
Zd e [0.15,0.4] 



2.34 



0.36 



37.09 



6.94 



5.89 



0.93 



11.23 



1.37 



11.14 



0.99 



N{> 0.08,2') 
za 6 [0.4, 1] 



0.06 



5.29 



0.17 



0.97 



0.71 
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is a monotonically increasing function of the halo mass (see Fig- 
ure Furthermore, rich clusters evolve more than clusters with 
low mass. Therefore, compared to Figure ^, the number density 
of haloes is smaller and we observe a stronger evolution in the 
various cosmologies. 



smaller and, because of the monotony of Map in the halo 
mass, for fixed Afap the corresponding threshold mass Mt 
increases. Therefore the number of haloes decreases with in- 
creasing filter size. Because of this behaviour of N{> A4s,p, 9) 
we can select a filter radius and a value for Map which al- 
lows us to count a sufficient number of haloes used for finding 
a significant difference between the various cosmologies. In 
practice we have to determine a signal-to-noise ratio thresh- 
old above which we can consider a significant detection. We 
will use here mainly a threshold value of Sc = 5. 

In Figure ^ we have plotted the number of haloes per 
square degree with aperture masses yielding a signal-to-noise 
ratio above the threshold value = 5 for different filter 



Figure 4. The number of haloes per square de gree with aperture 
mass greater than Map = 5 (Tc('?), as defined in (pSh, as a function 
of the filter scale for the same cosmological models as indicated 
in Figure |^. For 9 = 2' we obtain a maximum number of haloes 
for all cosmologies at a fixed signal-to-noise ratio Sc = 5. 



scales. According to Figure^ we count in all cosmologies the 
maximum number of haloes for 6 = 2 arcmin. We will use 
this 'optimal' filter scale for our calculations. According to 

the corresponding aperture mass is Afap ~ 0.04 for the 
'optimal' filter radius and the signal-to-noise ratio threshold. 

In real observations, the derived value of Map will differ 
from the true one due to several effects. First, the intrinsic 
ellipticity distribution of the source galaxies causes noise in 
the measurement of Map which is given by ( pg| ) . Second, the 
number of source galaxies in the filter will have at least Pos- 
sonian noise. And third, halos are not isolated, but there will 
be perturbing mass inhomogeneities along the line-of-sight 
to the halo. Comparing the first two sources of errors, the 
first dominates (see Schneider et al. (1998)), and so we con- 
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Figure 5. The number of haloes per s qua re degree with aperture 
mass greater than Map , as defined in ( pq ) , as a function of Afap 
for the same cosmological models as indicated in Figure ^ The 
filter scale is 9 = 2 arcmin. 
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Figure 7. The number of haloes per square de gre e with aperture 
mass greater than Map = 0.04, as defined in (|38[), as a function 
of source rcdshift for the same cosmological models as indicated 
in Figure ^. All sources are assumed to be at the same redshift. 
The filter scale \s 9 = 2 arcmin. 
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Figure 6. The convolution of the number of haloes per square 
degree with aperture mass greater than Map with the distribution 
jZll), as defined in (^^, as a function of Map for the same cosmo- 
logical models as indicated in Figure 0. The filter scale is 9 = 2 
arcmin. Compared to Figure ^ the number of haloes is shifted to 
higher values. 



sider tJc as the uncertainty with which we can measure Afap- 
The third source of error cannot be modelled analytically, 
but must be estimated through ray-tracing simulations such 
as those carried out by Jain, Seljak & White (1998). Then, 
by taking into account only the noise coming from the intrin- 
sic ellipticity distribution of the source galaxies, we assume 



the measured one Map is Gaussian, 



1 



2tv o-c(e) 



exp 



(41) 



In Figure |6| we have plotted the convolution iV(> Map, S) of 
A^(> Map, 6*) with the distribution (^) for the filter scale 
9 = 2', 



N{> Map,e) = / dMap iV(> ALp,e) p{M,. 



Afap,6i).(42) 



In comparison with the non-convolved function (see Figure 
p|) the values of mm are only slightly enhanced for the val- 



ues of Map we are interested in (e.j 



Ma 



0.04,0.1 



Therefore, in the following discussion we shall neglect the 
difference between the distributions of Afap and Map- 

We shall now discuss whether from measuring the num- 
ber density of haloes above a given threshold Map, one 
can distinguish between the various cosmological models 
mentioned at the beginning of this section. From Figs. 5 
and 6, we see that the EdS models with as = 0.6 and 
r = 0.25 [hereafter EdS(0.6,0.25)], and with as = 1 and 
r = 0.25 [hereafter EdS(l,0.25)], have a considerably lower 
and higher, respectively, number density of haloes for given 
Afap than the three other models. From the numbers in Ta- 
ble 1, considering a value of Afap ~ 0.04 or signal-to-noise 
of 5, it is clear that these two cosmologies can be distin- 
guished significantly (by which we mean that the Poisson 
error bars do not overlap) from the other three already with 
1 deg^ of a deep imaging survey. To distinguish between the 
other three cosmologies [EdS(0.6,0.5), OCDM, ACDM], a 
larger-area survey is needed. Taking the projected MEGA- 
CAM survey with its expected 25 deg^ as an example (Mel- 
lier et al. 1998), one sees from the numbers in Table 1 that 
at Afap = 0.08 (signal-to- noise of 10), this survey is more 
than sufficient to allow a clear distinction of these three cos- 
mologies. We therefore conclude that the currently planned 
wide-field imaging surveys will allow to separate between 
the most popular currently discussed cosmological models. 

In order to get a more precise handle on the values of 
the cosmological parameters and/or the shape of the initial 
power spectrum, more detailed information may be used. 
Assuming that the haloes giving rise to measurements of 
Map are not completely dark, but cluster-like (though pos- 
sibly with a broad range of mass-to-light ratios), one might 
be able to identify a measured halo with a galaxy overden- 
sity on the sky and/or in redshift, and thus determine the 
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redshift of the corresponding halo, using either photometric 
redshift techniques or spectroscopy. In this case, the red- 
shift dependence of the halo distribution can be measured. 
As shown in Figs. |and|, the redshift evolution of the halo 
density as probed by Afap is quite different in the cosmolo- 
gies considered here. 

In Table ^ we have also displayed the number of haloes 
per square degree with aperture mass greater than Map = 
0.04 and Map = 0.08 for the filter scale 9 = 2' for the five 
cosmological models, using two different redshift intervals, 
z £ [0.15,0.4] and z £ [0.4, 1]. By comparing the halo den- 
sities in the different redshift intervals for the various cos- 
mologies in Figs. ^ and ^, we expect the largest differences 
between the cosmological models for Map = 0.08. The rea- 
son for this is the stronger evolution for the rich cluster 
mass function which corresponds to large values of the aper- 
ture mass (see Figure 0). Whereas the EdS(0.6,0.25) and 
EdS(l,0.25) models are again very different from the other 
three, the use of redshift information greatly helps to dis- 
tinguish the EdS(0.6,0.5) model from the two low-density 
models. For the latter, a survey area of less than 3 deg^ 
would be sufficient. 

One might think of another way to obtain redshift infor- 
mation, namely to use source galaxies at different redshifts 
(distinguished, say, by photometric redshift estimates). To 
investigate this effect, we have plotted in Figure Q the de- 
pendence of the number of haloes on the redshift of the 
sources for Map = 0.04 and 9 = 2'. All sources are assumed 
to be at the same redshift Zs- Whereas the number density 
of haloes as measured with Map depends strongly on the 
source redshift, this dependence is quite similar in all cos- 
mologies, except at rather low redshifts, ~ 0.6. However, 
their number density is likely to be fairly small, so that the 
differences seen in Fig. |^ will be very difficult to measure. 
We therefore discard this indicator at this point. 



6 DISCUSSION AND CONCLUSIONS 

In this paper we investigated the statistics of high signal-to- 
noise peaks in the aperture mass map in various cosmologi- 
cal models. We constructed the observable number of peaks 
in the aperture mass A'^(> Map, using the Press-Schechter 
theory for evaluating the number density of haloes and the 
universal density profile of NFW. The observable number 
density of high signal-to-noise peaks in the aperture mass 
map - or in other words, the number density of mass-selected 
haloes - is large in all cosmological models considered here, 
and range from ~ 10 deg~^ for a cluster normalized EdS 
model to ~ 70 deg~^ for a COBE-normalized EdS model, 
quoted for a signal-to-noise ratio of 5. Even for a signal-to- 
noise ratio of 10, the number density of detectable haloes 
is about one per square degree. Hence, in future wide-field 
imaging surveys, such haloes will easily be found, so that a 
mass-selected sample of 'clusters' is within reach. Given that 
the cluster abundance has been used extensively as a cos- 
mological probe, this mass-selected sample will be extremely 
useful to related observations to theoretical predictions. 

We estimated that a few square degrees of a deep wide- 
field imaging survey will be sufficient to distinguish between 
some of the most popular cosmological parameter sets. In 
particular, cluster-normalized low-density universes can be 



easily distinguished from a cluster-normalized EdS model, 
which is mainly due to the fact that in the latter, the number 
density of haloes at a redshift of z^ ~ 0.3, which is mainly 
probed by our technique, is predicted to be considerably 
lower than in the open models. 

Whereas our estimates on the number density of de- 
tectable haloes are based on several simplifying assumptions 
(e.g., that halo number density can be obtained from the 
Press-Schechter theory, that the mass density is spherical 
and follows an NFW profile, that halos are isolated, etc.) and 
therefore probably not very accurate, the numbers obtained 
should approximately reflect the true situation. In partic- 
ular, the relative abundance as a function of Map and in 
dependence on cosmological parameters will be the same as 
calculated here. For more quantitative estimates, ray-tracing 
calculations in a model universe obtained from N-body sim- 
ulations have to be used. With results obtained from there, 
more sensitive statistics for the determination of cosmolog- 
ical parameters can be derived. 
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